Metformin hydrochloride is an orally administered biguanide, which is widely used in the management of type-II diabetes, a common disease that combines defects of both insulin secretion and insulin action\[[@ref1]\]. Unlike other antidiabetic drugs metformin HCl does not induce hypoglycemia at any reasonable dose, and hence it is called as an antihyperglycaemic rather than a hypoglycemic drug\[[@ref2]\]. It is a hydrophilic drug and is slowly and incompletely absorbed from the gastrointestinal tract, and the absolute bioavailability is reported to be of 50-60 %\[[@ref3][@ref4]\]. An obstacle to more successful use of metformin therapy is the high incidence of concomitant gastrointestinal symptoms, such as abdominal discomfort, nausea, and diarrhea that especially occurs during the initial period of treatment. The compound has relatively short plasma half-life of 1.5-4.5 h and the low absolute bioavailability of 50-60 %\[[@ref5]\]. Side effects, short half lives, low bioavailability and the need for the administration two to three times a day when larger doses are required can decrease patient compliance. Sustained release products are needed for metformin to prolong its duration of action and to improve patient compliances. Matrix systems are widely used in oral controlled drug delivery because of their flexibility, cost effectiveness, low influence of the physiological variables on its release behavior and broad regulatory acceptance\[[@ref6][@ref7]\]. Many researchers investigated various natural, semi-synthetic and synthetic polymeric materials. Cellulose ethers such as hydroxypropylmethylcellulose, sodium carboxymethylcellulose, Eudragit (polymethacrylate) polymer\[[@ref8][@ref9]\], ethyl cellulose\[[@ref10]\] and some natural gums like guar gum and xanthan gum are widely used hydrophilic polymers as release retardants\[[@ref11]\].

Methacrylic resins (Eudragit) appear particularly attractive due to their high chemical stability and compactility properties, and many literatures substantiate use in the development of control release matrix tablet\[[@ref12][@ref13]\]. The hydrophilic polymer selected for the present study was Eudragit RSPO, which provide pH-independent drug release to oral dosage forms that can be used for formulating the sustained-release dosage forms\[[@ref14]\]. However, the use of hydrophilic matrix alone for extending drug release for highly water soluble drugs is restricted due to rapid diffusion of the dissolved drug through the hydrophilic gel network. For such drugs it becomes essential to include hydrophobic polymers in the matrix system\[[@ref15]\].

The natural materials have been extensively used in the field of drug delivery because they are readily available, cost-effective, eco-friendly, capable of multitude of chemical modifications, potentially degradable and compatible due to their natural origin\[[@ref16]\]. Gum copal (GC) and gum damar (GD) are natural resinous materials of plant *Bursera bipinnata* family Burseraceae and *Shorea wiesneri* family Dipterocarpaceae, respectively. The wide applications of GC and GD propose their strong hydrophobic nature, substantial binding property, compatibility with the physiologic environment\[[@ref17]\] and their sustaining property\[[@ref18]\]. The objective of this work was to prepare sustained release metformin HCl matrix tablets using synthetic hydrophilic polymer eudragit RSPO alone or in combination with hydrophobic natural polymer, GC and GD to evaluate the *in vitro* release characteristic and to predict and correlate the release behavior of metformin HCl from the matrices. The influence of the polymer concentration in the tablets was also investigated. The *in vitro* drug release profiles of the matrices are evaluated, and its release mechanism was studied.

Although Eudragit RSPO has been widely used as sustained release material; to our knowledge the property of its combination with GC and Gd has not been evaluated. Hence, in the present work, an attempt has been made to formulate the extended-release matrix tablets of metformin HCl using hydrophilic polymer Eudragit RSPO alone or in combination with hydrophobic natural polymer, GC and GD to evaluate the *in vitro* release characteristics and to predict the release behavior.

MATERIALS AND METHODS {#sec1-1}
=====================

Metformin HCl was obtained from Universal Medicament Nagpur, India. Microcrystalline cellulose (MCC, Avicel pH 101) and ethyl cellulose were purchased from S. D. Fine Chem. Labs. (Mumbai, India), Eudragit RSPO (ammonium meth acrylic copolymer type A NF) was obtained as gift samples from Degussa India Ltd. (Mumbai, India), and gum copal and gum damar were received as a gift sample from Imex Inc. (Chennai, India). All other ingredients used throughout the study were of analytical grade and were used as received.

Study of physical interaction between drug and polymer: {#sec2-1}
-------------------------------------------------------

Infrared spectrum was taken by scanning the samples of pure drug and the polymers individually over a wave number range of 4000 to 400 cm^-1^ using Fourier transform infrared spectrophotometer (FT-IR, Shimadzu 8400S, Shimadzu, Japan). The change in spectra of the drug in the presence of polymer was investigated which indicates the physical interaction of drug molecule with the polymer.

Preparation of Metformin hydrochloride matrix tablets: {#sec2-2}
------------------------------------------------------

Matrix tablets, each containing 500 mg metformin HCl were prepared by a conventional non-aqueous wet granulation technique. The composition of various formulations of the tablets with their codes is listed in [Table 1](#T1){ref-type="table"}. The composition with respect to polymer combination was selected on the basis of trial preparation of tablets. In each formulation, the amount of the active ingredient is 500 mg and the total weight of a tablet is 1000 mg. A batch of 30 tablets was prepared with each formula. The ingredients were passed through a 60-mesh sieve. A blend of all ingredients except glidant and lubricant was mixed, a particular attention had been given to ensure thorough mixing and phase homogenization. Granulation was done manually with a solution of isopropyl alcohol. The wet masses were passed through a 12 mesh sieve and the wet granules produced were first air dried for 10 min and finally at 45-50° in a tray drier for 2 h. The dried granules were sized by a 16-mesh sieve and after lubrication with magnesium stearate. Compression was carried out using 14 mm flat faced circular punches into tablets on an eight station rotary press tablet compression machine (Rimek Minipress I Ahmadabad, India) at a constant compression force. Just before compression, the surfaces of the die and punches were lubricated with magnesium stearate. All the tablets were stored in airtight containers for further study. Prior to compression, granules were evaluated for their flow and compressibility characteristics.

###### 

COMPOSITION OF VARIOUS TRIAL FORMULATIONS PREPARED
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Evaluation of granules: {#sec2-3}
-----------------------

The granules were evaluated for angle of repose, loose bulk density (LBD), tapped bulk density (TBD), compressibility index and drug content. Angle of repose was determined by funnel method. Bulk density and tapped density were determined by cylinder method, and Carr\'s index (CI) was calculated using the following equation. Carr\'s index=(TBD-LBD)×100/TBD. Hausner\'s ratio was related to interparticle friction and could be used to predict powder flow properties. Hausner\'s values of the prepared granules ranged from 1.12 to 1.25 was thought to indicate good flow properties\[[@ref19]\].

Evaluation of tablets: {#sec2-4}
----------------------

The prepared matrix tablets were evaluated for hardness, weight variation, thickness, friability and drug content\[[@ref19]\]. Hardness of the tablets was tested using a Strong-Cobb hardness tester (Tab-machine, Mumbai, India). Friability of the tablets was determined in a Roche friabilator (Campbell Electronics, Mumbai, India). The thickness of the tablets was measured by vernier caliper. Weight variation test was performed according to the official method\[[@ref20]\]. Drug content was analyzed by measuring the absorbance of standard and samples at λ=233 nm using UV/Vis spectrophotometer (Shimadzu 1601, Kyoto, Japan).

*In vitro* drug release studies: {#sec2-5}
--------------------------------

Drug release studies were conducted using USP-22 dissolution apparatus-2, paddle type (Electrolab, Mumbai, India) at a rotational speed of 50 rpm at 37±0.5°. The dissolution media used were 900 ml of 0.1 mol/l HCl for first 2 h followed by pH 6.8 phosphate buffer solution for 12 h. Sink condition was maintained for the whole experiment. Samples (10 ml) were withdrawn at regular intervals and the same volume of pre-warmed (37±0.5°) fresh dissolution medium was replaced to maintain the volume constant. The samples withdrawn were filtered through a 0.45 μ membrane filter (Nunc, New Delhi, India) and the drug content in each sample was analyzed after suitable dilution with a UV spectrophotometer (Shimadzu UV-1700) at 233 nm\[[@ref21]\]. The dissolution test was performed in triplicate. Drug dissolved at specified time periods was plotted as cumulative percent release versus time (h) curve.

Kinetic Analysis of release data: {#sec2-6}
---------------------------------

The release data obtained were treated according to zero-order (R=k~1~t), first-order (R=k~1~t), Higuchi (R=k~3~√t )\[[@ref22]\], Korsmeyer-Peppas (log R=log k~4~+n log t) equation, Hixson--Crowell equations ((UR)^1/3^= k~5~t)\[[@ref23]\] to find the equation with the best fit. Where R and UR are the released and unreleased percentages, respectively, at time (t); k~1,~ k~2~, k~3~, k~4~, and k~5~ are the rate constants of zero-order, first-order, Higuchi matrix, Peppas-Korsmeyer, and Hixon-Crowell model, respectively. In order to compare the release profile of different formulas with possible difference in release mechanisms (n values), a mean dissolution time (MDT)\[[@ref14]\] was calculated using Eq. MDT=(n/n+1).K^-1/n^, Where n = release exponent and K= release rate constant.

Statistical Analysis: {#sec2-7}
---------------------

The data was subjected to two ways ANOVA followed by Bonferroni post test for analyzing the statistical difference using the software GraphPad Prism (San Diego, CA) and in all the cases *P* \< 0.001 was considered as significant.

RESULTS AND DISCUSSION {#sec1-2}
======================

FTIR studies revealed that metformin HCl showed two typical bands at 3369 and 3283 cm^-1^ due to N-H primary stretching vibration and a band at 3170 cm^-1^ due to N-H secondary stretching and characteristics bands at 1623 and 1560 cm^-1^ assigned to C=N stretching. No significant change in the appearance of characteristic peaks of pure drug spectra was observed ([fig. 1](#F1){ref-type="fig"}). This indicates that the drug is compatible with the polymers used in the investigation.

![FT-IR spectra.\
Pure metformin hydrochloride (a); Physical mixtures of metformin hydrochloride with Eudragit RSPO (b); Gum copal (c); and Gum dammar (d)](IJPhS-73-208-g002){#F1}

The granules of proposed formulations were evaluated for LBD, TBD, Compressibility index, angle of repose and Hausner\'s ratio ([Table 2](#T2){ref-type="table"}). An angle of repose of less than 30 degrees indicates good flow properties. This was further supported by the lower compressibility index. Granules with Carr\'s index values around 21% and below are considered to have fair and excellent flow properties\[[@ref19]\].

###### 

PHYSICAL PROPERTIES OF THE GRANULES
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[Table 3](#T3){ref-type="table"} gives the physical parameters such as hardness, thickness, friability and weight uniformity of all the fabricated tablets. All the tablets of different formulations showed acceptable results with respect to weight variation, drug content uniformity, friability. All formulations showed less than 1% (w/w) friability, which was within the prescribed limits\[[@ref24]\]. According to the Pharmacopoeial recommendation for tablets weighing more than 324 mg, ±5% deviation from the mean weight is acceptable\[[@ref20]\]. As the results show, the average weight deviation percentage of 20 tablets taken from each formulation was less than ±0.5%, and all the formulations met the requirement. The manufactured tablets showed low weight variations and a high degree of drug content uniformity among different batches of the tablets, and drug content was more than 95%.

###### 

PHYSICAL PROPERTIES OF THE MATRIX TABLETS
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The results of dissolution studies of formulations F-I, F-II, and F-III, composed of eudragit RSPO (20, 30 and 40%) are shown in [fig. 2](#F2){ref-type="fig"}. Tablets F-I, F-II and F-III released 43.88, 47.37 and 48.64% of metformin HCl at the end of 2 h; and 92.35, 92.73, and 93.69% of drug at the end of 8 h., respectively. No significant difference (*P*\<0.001) in release rate was observed between tablets containing either 30 or 40% of Eudragit RSPO (92.35, 92.73% at 8 h). Further increase in concentration of Eudragit did not significantly (*P*\<0.001) affect the release rate. On this basis, 30% of Eudragit RSPO was selected for further studies.

![*In vitro*cumulative release of metformin.\
Formulation F-I (-♦-); F-II (-■-) and F-III (-▲-)](IJPhS-73-208-g005){#F2}

The results of dissolution studies of formulations F-IV, F-V, and F-VI, composed of GC (20, 30 and 40%) are shown in [fig. 3](#F3){ref-type="fig"}. Tablets F-IV, F-V, and F-VI, released 41.19, 40.11 and 40.47% of metformin HCl at the end of 2 h; and 90.72, 88.56 and 83.12% of drug at the end of 10 h, respectively. Formulations F-VII, F-VIII, and F-IX, composed of GD (20, 30 and 40%) are shown in [fig. 4](#F4){ref-type="fig"}. Tablets F-VII, F-VIII, and F-IX, released 43.61, 46.36 and 36.73% metformin HCl at the end of 2 h; and 93.53, 92.22 and 90.77% of drug at the end of 10 h, respectively. The results of dissolution studies of formulations F-X, F-XI, and F-XII, composed of combination of Eudragit RSPO and GC (75:25, 50:50 and 25:75% respectively) are shown in [fig. 5](#F5){ref-type="fig"}. Tablets F-X, F-XI, and F-XII, released 31.62, 29.39 and 28.60% metformin HCl at the end of 2 h; and 96.96, 93.52 and 90.66% of drug at the end of 12 h, respectively. The results of dissolution studies of formulations F-XIII, F-XIV, and F-XV composed of combination of Eudragit RSPO and GD (75:25, 50:50 and 25:75%, respectively) are shown in [fig. 6](#F6){ref-type="fig"}. Tablets - F-XIII, F-XIV, and F-XV, released 31.36, 30.96 and 28.89% of metformin HCl at the end of 2 h; and 95.16, 91.83, and 89.71% of drug at the end of 12 h, respectively. As indicated in [fig. 2](#F2){ref-type="fig"}, tablets containing Eudragit RSPO (20, 30 and 40%) alone showed initial burst release during first hour (31.32, 33.14 and 37.47%, respectively). Eudragit RSPO contains quaternary ammonium groups, and solubilization of these quaternary ammonium groups in acidic pH leads to formation of pores in the matrix, thereby releasing metformin HCl in the acidic pH. This phenomenon may be attributed to surface erosion or initial disaggregation of the matrix tablet prior to gel layer formation around the tablet core\[[@ref25]\].

![*In vitro* cumulative release of metformin.\
Formulation F-IV (-♦-); F-V (-■-) and F-VI (-▲-)](IJPhS-73-208-g006){#F3}

![*In vitro* cumulative release of metformin.\
Formulation F-VII (-♦-); F-VIII (-■-) and F-IX (-▲-)](IJPhS-73-208-g007){#F4}

![*In vitro* cumulative release of metformin.\
Formulation F-X (-♦-); F-XI (-■-) and F-XII (-▲-)](IJPhS-73-208-g008){#F5}

![*In vitro* cumulative release of metformin.\
Formulation F-XIII (-♦-); F-XIV (-■-) and F-XV (-▲-)](IJPhS-73-208-g009){#F6}

Metformin HCl release profile of GC and GD matrix tablets is shown in [fig. 2](#F2){ref-type="fig"} and [fig. 3](#F3){ref-type="fig"}, respectively. As regards the effect of gum concentration, decrease in drug release rate was observed when GC and GD content in the matrix were increased. This may be due to the reason that the gums in higher concentrations in the tablets might have produced dense matrix around the drug particles, providing more barriers for them to escape and dissolve. Further, such dense matrix, specifically when it is hydrophobic in nature, may be expected to favor less penetration of the dissolution medium in the tablets. This may also be the auxiliary reason for obtaining slow drug release profiles through GC and GD matrix tablets. In low concentrations (10% w/w), GC showed significant sustained drug delivery compared to GD. Tablets with 20% w/w GC and GD showed 85.56%, and 90.83% total drug release at the end of 10 h respectively. This may be due to the low solubility of GC compared to GD at pH 1.2 and pH 6.8. Both the gums in 30% w/w concentration retarded metformin HCl release beyond 10 h. Drug release from GC and GD matrix followed zero order and Higuchi square root kinetics respectively.

In formulations containing combinations of hydrophilic and hydrophobic polymers, FX, FXI, FXII, ([fig. 5](#F5){ref-type="fig"}) and F-XIII, F-XIV, F-XV ([fig. 6](#F6){ref-type="fig"}), showed a significant difference (*P*\<0.001) of drug release as compared with 10 and 20% of either of the Eudragit preparation. Hydrophilic eudragit when combined with hydrophobic GC and GD (FX-FXV) no burst release was observed, which may be due to the tendency to mask these quaternary ammonium groups to some extent, thereby modifying release of the drug. It is reported in the literature that more than 30% release of drug in the first hour of dissolution indicates the chance of dose dumping. The results showed probability of dose dumping from matrix tablets prepared without GC and GD.

To describe the kinetics of drug release from matrix tablets, release data was analyzed according to different kinetic equations. The data were analyzed by the regression coefficient method and regression coefficient values (r^2^) of all batches were shown in [Table 4](#T4){ref-type="table"}. On analyzing regression coefficient values of all batches, it was found that Batch F-I, II, III tablet exhibited almost zero-order kinetics. Batch F-IV, F-V, F-VI, F-VII and F-VIII tablet followed Higuchi model, whereas Batches F-IX, F-X, F-XI, and F-XII tablet followed first order kinetics.

###### 

*IN VITRO* RELEASE KINETICS PARAMETERS
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The *in vitro* release profiles of drug from all these formulations could be best expressed by Higuchi\'s equation as the plots showed highest linearity (r^2^ =0.98 to 0.99)\[[@ref22]\]. To confirm the diffusion mechanism, the data were fitted into Korsmeyer-Peppas equation\[[@ref23]\]. The formulations showed good linearity (r^2^ =0.97 to 0.98) with slope (n) between 0.477-0.5879, which appears to indicate a coupling of diffusion and erosion mechanisms-so called anomalous diffusion.

The time taken to release 25% (t~25~), 50% (t~50~), and 75% (t~75~) of drug from different formulations was determined ([Table 5](#T5){ref-type="table"}). Tablets containing combination of Eudragit RSPO with GC (F-X, XI and F-XIII) required 1.6, 0.9, 1.4 h and 6.6, 7.9 and 8.5 h to release 25% and 75% of drug, respectively. While combination of Eudragit RSPO with GD (F-XIV, XV and F-XVI) required 1.4, 1.8, 1.4 h and 7.1, 7.4 and 8.4 h to release 25% and 75% of drug, respectively. These values were significantly higher than those obtained in matrix tablets formulated with either Eudragit RSPO or GC and GD alone, which clearly indicated sustained release nature of the combination of both Eudragits with GC and GD.

###### 

*IN VITRO* DISSOLUTION PARAMETERS
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Mean dissolution time (MDT) value is used to characterize drug release rate from a dosage form and indicates the drug release retarding efficiency of polymer. Tablets prepared with combination of Eudragit RSPO with GC and GD (F-X, F-XI, F-XII and F-XIII, F-XIV, F-XV) showed higher MDT value (3.98, 4.11, and 4.45 h; 3.97, 4.19 and 4.28, respectively). This finding can be attributed to the hydrophobic nature of GC and GD, which retarded drug release from the matrix.

The synthetic hydrophilic matrix of Eudragit RSPO alone could not sustain the release of the metformin HCl effectively for 12 h. Results of the present study demonstrated that combination of both synthetic hydrophilic (Eudragit RSPO) with natural hydrophobic polymers (GC and CD) could be successfully employed for formulating sustained-release matrix tablets. Diffusion coupled with erosion might be the mechanism for the drug release from hydrophilic and hydrophobic polymer based matrix tablets which can be expected to reduce the frequency of administration and decrease the dose-dependent side effects associated with repeated administration of conventional metformin HCl Tablets.
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